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SYSTEM AND METHOD FOR DYNAMIC
SEALING OF A DRILL STRING

The present invention relates to a system and a method for
dynamic sealing around a drill stem of vanable diameter, 1n
water carrying, drilling fluid carrying or hydrocarbon carry-
ing wells, comprising a sealing arrangement arranged to be
mounted to existing equipment on the well and for use with-
out a riser or a landing string being mounted, where the
sealing arrangement comprises an elongated, dynamic seal-
ing unit that 1s arranged to surround the drill stem, and a
receiver unit that 1s mounted to said existing equipment on the
well and which 1s arranged to recerve the sealing unait.

The invention can be used to seal around a drill stem or coil
pipe that 1s moving into, or out of, o1l wells and gas wells 1n
all water carrying, drilling fluid carrying or hydrocarbon car-
rying types ol wells, both wells that have a valve tree (well
safety valves) placed on an ocean bottom, a platform, a vessel,
an 1nstallation or on land.

The invention relates to systems and methods that make it
possible to intervene and drill 1n the above mentioned water
carrying, drilling fluid carrying or hydrocarbon carrying
wells, and especially for ocean bottom based wells, both with
and without using a riser connection to a surface vessel or
another 1nstallation. The system and the method cover work-
ing the above mentioned water carrying, drilling tfluid carry-
ing or hydrocarbon carrying wells carried out with the help of
a drill stem, snubbing stem and coil pipe, and also said meth-
ods based on use of new composite and thermoplastic mate-
rials and also complimentary solutions. Drill stem, snubbing
stem and coil tubing are mentioned hereafter under the des-
ignation drill stem. Understood with the expression downhole
tools must be different tools for operation in a well, 1.¢.
equipment for drilling operations, equipment for nterven-
tion, equipment for logging, measuring, fishing etc.

The mmvention will, 1n a simplified way, represent a
dynamic seal around a drill stem that moves nto or out of,
water carrying, drilling fluid carrying or hydrocarbon carry-
ing wells. The invention concerns both situations where the
well pressure 1s higher and lower than the surrounding pres-
sure at the valve tree. This leads to the invention being able to
withstand pressure from both sides during operation and test-
ng.

The mvention will be especially suited to operations that
involve drilling through existing production pipes mn awell, 1n
this case ocean bottom based wells where the invention,
together with other systems, will be able to contribute to
remove the riser connection to a surface vessel or another
installation.

Today’s methods to carry out well interventions or drilling
in ocean bottom installed wells with the help of a drill stem or
a coiled pipe, are based on using a riser connection between
the wellhead and the surface equipment on the surface vessel
or installation. This requires a large, and thereby costly, sur-
face vessel or other 1nstallation that must have a space on the
blowout preventer for the riser, a riser for the ocean depth
where the work 1s carried out, and also other equipment that
1s required for pressure control and stand-by handling.

Today there are systems for dynamic sealing, where pres-
sure from one side 1s used. One of the challenges with the
existing, dynamic seal functions 1s their limitation waith
respect to Iriction that must be overcome to move the dnll
stem 1nto or out of the well, and also the complexity of many
moving parts. Furthermore, NO 317227 and U.S. Pat. No.
6,386,290 shall be highlighted as examples of prior art. The
former represents the closest technology and relates to a
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lubricant for use on a wellhead, where the lubricant has seal-
ants that seal around a coiled pipe and which has 1nner pres-
sure support.

The present invention aims to make 1t possible to carry out
a more flexible and cheap well intervention and drilling
operation, by combiming existing and new technology
through new methods and systems.

The system with associated equipment has, 1n the main,
one main configuration, and this will be adapted to the outer
diameter of the stem that shall pass through the seal.

The present system for dynamic sealing around a drill stem
in water carrying, drilling fluid carrying or hydrocarbon car-
rying wells comprises a sealing arrangement mounted onto
other equipment and adjoining systems that are required to
carry out the operation 1n the well, whether 1t 1s an ocean
bottom based well or a surface well, where the sealing
arrangement 1s a sealant that can be collected and regulated/
controlled for well intervention with the help of a drill stem,
and where the degree of sealing for the seal to seal between
the well and drill stem can be adjusted. The seal can resist
pressure irom both sides, and thus prevent that the well
medium flows out to the surroundings or that the surrounding
medium tlows into the well.

Furthermore, grease or o1l can be injected with high pres-
sure 1nto the seal between the sealing sets to provide pressure
support to the sealing sets, and/or to prevent through flow of
fluid or gases 1n the seal, and/or to reduce the friction between
seal and drll stem.

With the present invention, the drill stem can move 1nto, or
out of, the well with maximum well pressure. The system 1s
preferably controlled and connected to a suitable control sys-
tem.

A preferred embodiment of the system according to the
invention has an internal pressure support that 1s provided 1n
the sealing arrangement, at least corresponding to the sur-
rounding pressure, to provide a dynamic seal around the drill
stem, and also that the sealing unit comprises a number of sets
with main seals arranged mutually spaced apart further than
the length on the pipe coupling in the drill stem, 1n the longi-
tudinal direction of the sealing unait.

Alternative, preferred embodiments of the system are char-
acterised by each of said sealing sets can comprise at least one
dish-formed or ring-formed packing element of an elastic
materal, such as an elastomeric material, arranged to envelop
the drill stem. An elongated annular space 1s preferably pro-
vided between the sets with sealing elements, 1n the longitu-
dinal direction, arranged to receirve an injected pressure
medium, such as grease or o1l, where the pressure medium 1s
injected at a pressure that 1s preferably higher than the highest
pressure that surround the sealing arrangement from the well
or the surroundings. Furthermore, a number of seals, such as
clastomer seals, can be arranged between the sealing unit and
the recerver part.

A preferred embodiment of the method according to the
invention 1s characterised by a pressure medium that is
injected mnto a defined annular space that lies between a
number of sealing sets in the sealing arrangement, to provide
internal pressure support, at least corresponding to the sur-
rounding pressure, that can be adjusted 1n the degree of seal-
ing to seal between the well and the drill stem. Alternative
preferred embodiments of the method are characterised by
the pressure medium that 1s injected 1n said annular space 1s
grease, 01l or another medium with a high pressure, to give
pressure support to the sealing arrangement so that this resists
pressure from both sides, thus to both prevent well medium
from tlowing out 1into the environment or that the surrounding
medium tlows into the well. Furthermore, the grease or oil
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injected between the sealing sets prevents through flow of
fluid or gases in the sealing arrangement and/or reduces the
friction between the sealing sets and the drill stem.

In connection with drilling operations 1n wells with the
help of a dnll stem, necessary complimentary systems will be
used to maintain other functions that are required to carry out
the operation (cutting functions and sealing functions, dis-
connecting systems, drilling tluid systems, etc.). Power sup-
ply to the drill stem (snubbing) will be taken care of by other
systems according to need. This invention encompasses only
the dynamic sealing function with 1ts unique associated sys-
tems.

The imnvention does not take 1nto consideration how the tool
and the stem that shall go into the well are operated or driven,
and as such covers any form of such methods.

The 1nvention shall now be described further with refer-
ence to the enclosed figures, in which;

FIG. 1 shows an embodiment of the present invention
situated on the top of an imagined configuration 1n connection
with a dnlling operation.

FI1G. 2 shows the operation of the present system situated
on the top of an 1imagined tool string on its way 1nto, or out of,
the well.

FIG. 3 shows an embodiment of the present sealing system
in more detail with a uniform diameter of a drill stem that
passes the sealing elements.

FIG. 4 shows an embodiment of the present sealing system
in more detail, with a variable diameter of a drill stem that
passes one of the sealing elements.

In the following, different embodiment examples shall be
described, but it must be understood that other likely configu-
rations are also possible within the framework of the mven-
tion.

The configuration and the system can be used indepen-
dently of whether the valve tree i1s localised on the ocean
bottom or 1s available on the surface/ashore. The system
refers to FIG. 1, and shows an embodiment of the present
system localised on top of an imagined configuration 1n con-
nection with a drilling operation. The system comprises, in
the main, a well blowout preventer system 14 for use during,
drilling and a dynamic sealing arrangement 10. The dynamic
sealing arrangement 10 1s placed uppermost 1n the configu-
ration and will maintain pressure control during drilling or
intervention work. The sealing arrangement 10 shall be able
to withstand pressure from both sides, but preferably higher
pressure from the well side than from the pressure of the
surroundings.

The method for driving a drill stem 16 into a pressurised
well by using the dynamic sealing arrangement 10 1s as fol-
lows. The drill stem 16 goes into or out of the well (both for
overpressure and underpressure, and also pressure balance)
through the dynamic seal 10 that 1s mounted uppermost on the
temporary blowout preventer equipment 14. The drill stem 16
passes preferably three sets of sealing elements 20,22,24
when 1t 1s moved. The sealing elements 20,22,24 are placed
with a mutual distance apart that leads to that preferably only
one of the sealing elements will be exposed to one pipe
coupling 1n the drill stem 16 at any time. Between the sealing
clements, preferably environmentally friendly grease or o1l 1s
injected with a pressure that exceeds the highest external
pressure with typically 5-100 bar. The sealing elements will,
in this way, get pressure support to be able to withstand a
higher external pressure, and also get lubrication that waill
reduce the friction against the drnll stem. The drill stem 1s
driven into the well with the help of the weight of the down-
hole tool, and also any forces exerted from external methods
and systems.
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FIG. 2 shows installation and collection of the present
system, localised hanging on an imagined tool string in con-
nection with a drilling operation. The system that 1t refers to
in FI1G. 2 shows an inner, dynamic (elongated), sealing unit 30
driven on a drill/intervention stem 16 and a receiver unit 40
localised on the already installed equipment on the ocean
bottom. As can be seen, the inner, dynamic (elongated), seal-
ing unit 30 and the recerver unit 40 will make up the sealing
arrangement 10 when the units are mounted together.

The method for installing and collecting the dynamic seal-
ing unit 1s as follows. After the downhole tool 1s made up on
the surface, the dynamic sealing unit 30 1s mounted prefer-
ably on the first regular drill stem 16. Thereafter, the drill stem
with tool 1s driven 1nto a well lock underneath the receiver
umt 40, until the dynamic sealing unit 30 engages with the
receiver umt 40 that 1s mounted to the blowout preventer
equipment. The sealing unit 30 1s locked mechanically to the
receiver part and 1s tested. The locking can, for example, be
carried out with a hydraulic locking unit 44 in the upper part
of the recetver unit 40. Furthermore, a number of seals of
clastomers 66a-66¢ will be arranged between the sealing unit
30 and the receiver unit 40, to prevent through tlow of fluid/
gas.

FIG. 3 shows an embodiment of the present sealing system
in more detail, with uniform diameter on the drill stem that
passes through. The sealing unit 30 1s here shown locked mnto
the recetver unit 40 and seals around the drill stem 16 that
passes through a number of sets with main sealing elements
20,22.24 adapted to the drill stem that shall be used. In the
example shown, three sets are used, but fewer or more can, of
course, be used. In the elongated annular space 32,34 that 1s
formed between the sets of sealing elements 20,22,24 prefer-
ably environmentally friendly grease or o1l with the appro-
priate characteristics 1s 1njected with the help of suitable
injection equipment. This injection equipment can comprise
a variable number of units 36a-36#, of which two are referred
to in FIGS. 3 and 4, respectively, as 36a and 365b.

The grease or o1l will be 1injected with a pressure that 1s
preferably higher than the highest pressure that surrounds the
seal from the well or the surroundings, and will, 1n this way,
ensure intlow of fluid or gas through the seal 1s prevented. In
addition, grease or o1l will give pressure support and lubrica-
tion to the sealing elements. Each of the sets of sealing ele-
ments can comprise a number of packing elements 38 in the
form of sealing discs, where the seals are preferably formed in
a plate form or dish form with a through opeming. Other
shapes of seals are, of course, also possible. Said seals 1n the
sets of sealing elements can be made from elastomers, either
through going or with internal pressure support. Other suit-
able composites with appropriate characteristics can also be
used.

FIG. 4 shows an embodiment of the present sealing system
in more detail, with variable diameter on the drill stem that
passes through. The description 1s as 1n FIG. 3, with the
exception that the pipe coupling of the drill stem or something
clse with an increased diameter passes through a sealing set.
The sealing unit 30 i1s constructed in such a way that the
area/length with increased diameter will, at any time, only be
in contact with only one of the sealing sets at a time.

The invention claims 1s:

1. System for dynamic sealing around a drill stem (16) of a
variable diameter 1n water carrying, drilling fluid carrying or
hydrocarbon carrying wells, comprising a sealing arrange-
ment (10) arranged for mounting to existing equipment on the
well and for use with riserless systems,

the sealing arrangement (10) comprises an elongated

dynamic sealing unit (30) arranged to envelop the drill
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stem (16), and a receirver unit (40) mounted to said

existing equipment on the well and which 1s arranged to

receive the sealing unit (30),
wherein internal pressure support 1s provided 1n the sealing
arrangement (10), at least corresponding to the surrounding
pressure, to provide a dynamic seal around the drll stem (16),
by a pressure medium in defined annular spaces (32,34)
between a number of sets of main seals (20,22,24), and said
main seals (20,22,24) are arranged mutually spaced apart
with a distance longer than the length of the pipe coupling in
the drill stem (16), in the longitudinal direction of the sealing,
unit (30).

2. System according to claim 1, wherein each of said seal-
ing sets (20,22,24) comprises at least one disc formed or ring
formed packing element (38) of an elastic material, such as an
clastomeric material, arranged to envelop said drill stem (16).

3. System according to claim 2, wherein an elongated
annular space (32,34) 1s provided between the sets of sealing
clements (20,22,24), in the longitudinal direction, arranged to
receive 1njected pressure medium, such as grease or oil,
through gates in the side (36a-36b), where the pressure
medium 1s 1njected with a pressure that 1s preferably higher
than the highest pressure that surrounds the sealing arrange-
ment (10) from the well or the surroundings.

4. System according to claim 3, wherein a number of seals,
such as elastomer seals (66a,665,66¢) are arranged between
the sealing unit (30) and the receiver part (40) to seal between
the sealing unit (30) and the receiver part (40).

5. System according to claim 1, wherein a number of seals,
such as elastomer seals (66a,665,66¢) are arranged between
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the sealing unit (30) and the receiver part (40) to seal between
the sealing unit (30) and the receiver part (40).

6. Method for mounting and use of a dynamic sealing
arrangement (10) around a drill stem (16) of a variable diam-
cter, in water carrying, drilling fluid carrying or hydrocarbon
carrying wells, as a connecting string for downhole tools 1s
led into the well through open sea, with a dynamic sealing
unit (30) hooked on, without a riser or a landing string being
mounted, to enter and be locked to a recerver part (40) that 1s
mounted to existing equipment,
wherein a pressure medium 1s 1njected 1 defined annular
spaces (32,34) that lies between a number of sets of seals
(20,22.24) 1n the sealing arrangement (10) to provide internal
pressure support, at least corresponding to the surrounding
pressure, and which 1s adjustable 1n the degree of sealing to
seal between the well and the drnll stem.

7. Method according to claim 6, wherein the pressure
medium that 1s 1njected in said annular space (32,34) 1s
grease, 01l or another medium with a high pressure, to provide
pressure support to the sealing arrangement so that this with-
stands pressure from both sides, and thus prevents the well
medium from flowing out into the surroundings or that the
surrounding medium flows into the well.

8. Method according to claim 7, comprising injection of
grease or o1l between the sealing sets (20,22,24) to prevent
through flow of liquid or gases in the sealing arrangement

(10), and/or to reduce the friction between the sealing sets
(20,22,24) and the drill stem (16).
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